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In searching the literature for information on polyallyl ethers
carbohydrates, it is possible to find a few scattered references:
wever, 1t is apparent that in most cases the methods of prepara-
m and characterization of the resulting compounds leave much
be desired.  Furthermore, to the best of our knowledge, the
eresting properties of these materials, especially their ability to
lymerize in the presence of oxvgen. had not been recognized.
peently in this laboratory a study was made of several allv] eth-
of polyhydric alcohols, including starch, ethylene glveol, gly-
ol. alpha-methyl glucoside, D-mannitol, D-sorbitol. inositol. di-
pp¥lene glycol, 1.3-butylene glycol, pentaervthritol, and sucrose.
he object of this paper is to present our results on the methods of
pparation and the determination of properties of the above eth-
; their possible utilization as coatings. adhesives, and plastic
ermediates will also be discussed. Owing to the complexity of
. its allyl ether differs considerably in physical properties
m those of simple carbohvdrates. For this reason it will be
pted separately and somewhat more in detail.

Allyl Ether of Starch

The only reference to allyl starch in the literature is that in

ecko and Adams (J. Am. Chem. Soc.. 45, 2698, 1923), who
red what they called a mono-allyl starch by direct substitu-
of starch with allyl bromide in the presence of 10 per cent.
eous potassium hydroxide. The product had 0.5 allyvl group
glucose unit. Repetition of the experiments of Tomecko and
15 gave a white amorphous powder. slightly soluble in wa-
and practically insoluble in acetone, ethylene chlorohydrin, and
er organic solvents. with 0.5 allvl group per glucose unit. This

was similar to the substance obtained by Tomecko and Adams,
They determined the degree of substitution by combustion analvses.
We used the same method for insoluble compounds and Wijs'
method for compounds soluble in organic solvents.  Slight modi-
fications in the concentrations of starch, alkali, or allyl bromide or
in the reaction time did not atfect .the composition of the final
product.

A clew to the explanation of low substitution in the product
obtained by Tomecko and Adams was found in the fact that no
allyl bromide could be recovered in spite of the large excess (83
g. to 10 g. starch or a mole ratio of 1181). This was auributed to
two side reactions, which parallel the main reaction of etherifving
the hydroxyl groups of the starch.  The allyl bromide is hydre-
Ivzed by the alkali to allyl aleohol, and this reacts with allyl brom-
ide, forming allyl ether.  The hydrolysis of allyl bromide and also|
of allyl chloride (used in later experiments) at various tempera-
tures and with various concentrations of alkali was therefore
investigated.  Equal volumes of allyl bromide or chloride and
sodium hydroxide solution were mixed and stirred at various tem-
peratures for three hours, At 80° C. (approximately the temper-
ature of the reaction for the preparation of allyl starch) the re-
sults were as follows: With alkali concentrations up to 10 per
cent., about 23 per cent. of allyl bromide was hydrolyzedi: with
20 to 30 per cent. alkali. about 9 per cent.; and with 40 to 30
per cent., only about 2.5 per cent. About 21 per cent. allyl chloride
was hydrolized with 10 per cent. NaOH. and only about 1 per
cent. with 40 to 30 per cent. alkali.

These experiments pointed to the advisability of using higher
concentrations of alkali in the preparation of allyl starch. As a
matter of fact., when concentrated alkaline solutions were used.
with the sanie excess of allyl bromide, compounds of a higher de-
gree of substitution (up to 6 allvl groups per glucose molecule)
were obtained. and considerable allvl bromide could be recovered
after the reaction was complete. The powdery product thus ob-
tained was infusible and insoluble in all organic solvents tested.

Various Methods of Preparation of Allyl Starch

On the assumption that easily oxidizable allyl starch might
be more stable in solution, we adopted a method similar to that
used by Haworth. Hirst. and Webb (J. Chem. Soc.. 1928, p. 268)
for methylation of starch. that is. simultaneous hydrolysis and
allylation of starch acetate in acetone solution. This method.
which does not require an autoclave, is carried out as follows: In
a flask fitted with a mechanical stirrer and reflux condenser, 100
g. of starch acetate is dissolved in 230 cc. of acetone: 230 g. of
50 per cent. aqueous NaOH and 300 cc. of allyl bromide are
added: and the mixture is heated at reflux temperature for 3!
hours. The volatile portion of the reaction mixture is then re-
moved rapidly (I3 min) by distillation with steam. and the
gummy product remaining in the flask is washed until alkali-free
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after which it is dissolved in about 130 cc. of acetone, When this
acetone solution is poured into rapidly stirred water at room tem-
perature. nearly white summy allvl starch is obtained. The vield
is about 90 g. of the Sum. containing about 20 per cent. of water.
An appreciable portion of the allyl bromide can be recovered from
the steam-distilled liquid.



The same compound can be prepared with allyl chloride,
ich is cheaper. But for this reaction heating in an autoclave at
° C. for about 11 hours is required.

For producing larger quantities of allyl starch, the following
thod is more economical. Five hundred grams of air-dry
reh is stirred into 2000 g. of 30 per cent. aqueous NaOH in an
toclave at room temperature, and 2500 cc. of acetone and 3000
-of allyl chloride are added, with constant stirring. The auto-
ye is heated at about 86° C. (approX. R pounds pressure). The

pid is then distilled with steam for about 40 minutes. The
xirated gum is washed free of alkali and excess of allyl chlor-
L Acetone, allyl chloride. and allyl ether can be recovered
gn the distillate. The results of several runs are given in Table
. They were obtained with the laboratory equipment available
d do not represent the optimum yields and recovery of solvent.
- This table shows that for most ordinary starches the reac-
n time is about 10 hours; for waxy-maize starch, which con-
ts entirely of amylopectin, it is 20 hours; and for a starch degra-
tion product like dextrin it is 4 hours. The per cent. of allyll
the product decreases somewhat with time, owing to the slow
tdation and polymerization of allyl starch, even at room tem-
rature or below. The yields are given on a wet basis (20-23
r cent. moisture).
" No attempt was made to recover the acetone from the steam
tillate, which was washed with water and then fractionated
recover the allyl chloride and allyl’ether. Perhaps in commer-
1 practice the mixture of allyl chloride, and acetone could be
td for making the next batch.

Physical end Chemical Properties of Allyl Starch

Ally! starch prepared by these methods is a soft, gummy (but
t tacky) material containing about 2 allyl groups per glucose
it. Products of lower or higher allyl content can be obtained,
t they are either powdery or extremely sticky. The powdery
m, due to a large surface exposed, is much less stable. The
mmy allyl. starch, when left in the air, becomes coated with a
rd insoluble material, but this can be avoided by keeping the
yl starch under water at a comparatively low temperature. It
soluble in most organic solvents but not in aliphatic hydro-
bons. - Solutions of allyl starch in acetone, alcohol, and other
vents are stable. Even a 30 per cent. solution has low viscos-
. One of the methods for the purification of allyl starch is
cipitation from alcohol or acetone solutions with water.
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- of resins and plasticizers are compatible with allyl starch.

The tendency of the powdery product to become insolu
on exposure to air and the formation of an insoluble coating
the gummy product are apparently due to oxidation and the st
sequent cross-linkage polymerization of the partly oxidized co
pounds. This process can be studied quantitatively on thin fil
of allyl starch deposited from solutions on surfaces of wood. gla
or metal.  On exposure to air. these films gradually become |
soluble. The process of insolubilization can be analyzed by he
chemical agents, and infrared and ultraviolet radiation.

Quantitative results on insolubilization of films§ for a nw
ber of different preparations of allyl starch at different tempe
tures, both in the presence and in the absence of a catalyst. a
given in Table II. Results obtained at room temperature a
shown in Table III. The amount of-water is expressed as pe
centage¥. by weight, of metal (Co) on the basis of dry allyl starc
Table IT shows that the process of insolubilization proceeds fast
at higher temperatures. Addition of catalyst decreases the tin
required for insolubilization, although the effect is not equal
marked in all cases. Infrared or ultraviolet radiation has a mark
catalytic effect. The effect of cobalt naphthenate was striking
experiments at room temperature, as shown in Table IIL

TAELE III

Insolubilization of Allyl Starch Films
at Room Temperature

Sarxple Drier Percent insolubdle material after:

No. % Co 1 ‘week 2 weeks 3 weeks 4 weel
9 ——- 55 73 73

9 0.4 91 99 Qo9 .100
9 0.2 Y 6 99

10 16 - 70

10 0.4 99 100 -

10 0.2 S9 100 -

1n - - 80

1 0.4 83 100 -

11 0.2 28 100 -

12 13 54 72

12 0.4 g8 100 -

12 0.2 a7 100 --

13 73 77 80

13 0.4 83 100 -

13 0.2 91 99 99

Preliminary experiments have shown that a large percentagy

Industrial Possibilities of Allyl Starch

Properties of allyl starch suggest that it may be used for
various purposes. When dissolved in ordinary lacquer solvents
it can be used as a protective and decorative coating for wood
glass, metal and other surfaces.  Because of its high resistance tc
solvents, solutions of acids and alkalis, and heat. it should be valu
able as a lacquer and varnish for household and office furnitur
and numerous other articles in everyday use. Several manufac-
turing concerns are now testing it for these purposes.

It can be used for coating and impregnating paper and tex-
tiles, and it acts as a thermosetting adhesive suitable for prepara-
tion of laminated products.

Allyl starch can also be used for the preparation of rigid plas-
tics.  When compounded on a rubber mill with various ingredi-
ents, including sulfur and vulcanization accelerators, and “vul-
canized” in a press, the gummy material forms a rigid plastic
which is highly resistant to various solvents and other chemical
reagents.  The milled product. when placed between lavers o
wood, paper, or cloth. and heated under pressure, vields lam-
inated materials of various degrees of strength and usefulness.

The compatibility of allyl starch with various resins and plas-
ticizers indicates that it may be modified to suit certain specific
requirements,  Allyl starch can be copolymerized with simpler
allyl carbohydrates and other monomeric substances.
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An understanding of the mechanism of the polvmerization ol
allvl starch should bhe of great help in the practical application o
this substance.  The compiexity of starch, however, makes t
study extremely ditficult. It was thought. therefore, that an i
vestigation of the behavior of simp!

"
“
'

fer but similar substances would
shed some light on the polvmerization of allyl starch, Accord-

e M. Terry of this Lsborstory.



ingly, polyvallyl ethers of alpha-methyl, glucoside. sucrose, manni-
tol. sorbitol,” inosital. pentaerythrital, glveerol, ethylene glveol,
L3-butylene glyeol. and dipropylene glyeol were prepared.

The tollu\\mq general laboratory method was used {or the
reparation of the allyl ethers of polvhydroxy compounds.  One
quivalent of the polyhydric aleohol was suspended in 2 equiva-
ents plus a 10 per cent. excess of 30 per cent. aqueous sodium
wdroxide in a 3-neck tlask equipped with condenser, dropping
unnel, and stirrer.  The equivalents of allyl bromide were added
Iropwise to the well-stirred reaction mixture over a period of

to G hours: the temperature was maintained at 70 to 73°. The
eaction was allowed to proceed for an additional hour: then the
roduct was extracted with ether, washed free of alkali. and dis-
illed. The higher boiling allvt ethers, such as those from sucrose,
orbitol, and inositol, were distilled with steam before tinal dis-
illation in vacuum. In mest cases this method gave compounds
vith an allyl content of 75 to 100 per cent. of the theoretical value.

Complete allvlation of these umlpound\ is described by Nichol
and \"mm\k\ (. Am. Chem. Soc., 1623, 1944 67, 16, 1943

All the polvallyl ethers of the wmpouml\ prepared by thi
method were lnqmu which #ould be purtfied by distill mmn O
zaco, giving clear and colorless compounds. Their proportie
are summarized in Table TV e //t/

In the presence of air or oxygen, these compounds \lmw
polvmerized, first to more viscuous lquids and finally to trans
parent resins.  This process was catalyzed by heat and variou
paint driers.

The changes in viscosity occurring during the polvmerization
of teta-allyl a pln methyl Whuml(lc are shown in Iahlc \". Th
gradual increase in viscosity, followed by a marked increase
the point of gelation, along with the insoluble and infusible natur
of the final product, is characteristic of the formation of a three
dimensional network.  Figure T shows the change in viscosity
allvl-alpha-methyl glucoside (3.5 allyl groups) under various co

TAELE IV

Properties of Allyl Etkers of Folyhydroxy Cozpounds

Boiling
point, at

Cozpound 1 m=., %C.

Refravnve Densxty,

Specific
rotaticn,
25
Viscosity D
at 25° C., (8% sol. in
centiroises abs. alcokol)

1olecular
___refraction
Cale.  foumi

Fercent
allyl
Calc. Found

Tetraallyl alpha-zmethyl

glucoside 150-162*

Triallyl glycerol 8283
Hexeallyl zmannitol 70-172
Hexuallyl. sorbitol 163-165
Heptasllyl sucrose

Hexnallyl inositol 1.0115

10,9497

Tetreallyl pentaerythritol 124-125

Disllyl ethylere glycol 35-37 0.8340

Diallyl 1,3-dutylene glycel 48-850 1.433 0.872%
Diallyl diprorylene glycol

75-77 0.9033

95,73 115.8°

61,16
120,09  119.70
120.09 1i9.93
184,79 163.01
117.89 117.85
85.41 £.35
41,50 e
50474

61,82

* At 1.5 ==,
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Fig.I. POLYMERIZATION OF POLYALLYL ETHERS
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Fig.l
POLYMERIZATION
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In general, the same type of polymerization occurred for all
he compounds ; however, as seen in Figure I1, their rates of poly-
herization varied considerably.  Compounds = containing  the

ter number of allvl groups seemed to polymerize more read-
v, vet no clear relationship between gel points and the number
{ allyl groups was evident. By comparing the rates of gelation
{ diallyl ethyvlene glveol. diallyl 1.3-butylene glycol, and diallyl
ipropylene. glvcol, the effect of structure on the rate of gelation

apparent.

Figures I and II show the general course of gelation and
olymerization of various allyl ethers. In addition. the {following
henomena were observed during polymerization.

1. An appreciable amount of oxygen actually combined with
o comnonnds durine nalvmerization Tt was not aere catalvst.

-other and can be copolymerized.
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Sundralingam. in which the hy ';»>1~.-!§xi’l§(1xit izes a double Y
with the formation of an epoxy group.  These two equations
resent the application of Farmer's theory to our compounds,
hydroxy compound formed as a result of the sccond
is a hemi-acetal, which would be readily hydrolvzed if a t
of water werc present.  From equations 3 and 4. it is evi
that only a trace of water is necessary for complete hyvdr
sis of any amount of hemi-acetal formed. and according to Fa
er’s theory and our own observations water is formed du
oxidations of this type. Inhibition of polymerization by alk:
can be readily explained on the basis of the theory advanced. s
the hydroperoxides are readily hydrolyzed by alkalies.

The formation of epoxy groups in the above suggested sch
of oxidation and the well-known ease with which epoxy
pounds polvmerize lead us to suspect that this group play:
important role in the polvmerization and cross-linkage of
ethers.

Thus the study of allyl ethers of simple carbohydrates 1
possible the tentative explanation of their polymerization.
from the theoretical interest. however, many allyl ethers of si
carbohydrates have possibilities for practical application.

All ally] ethers of simple carbohydrates are miscible with
Besides. they are all soly
for allyl starch and can be copolymerized with the latter. A4
result of their ability to polvmerize to insoluble and infusible re|
the allvl ethers of polvhydric alcohols are useful as coatings,
pregnating materials, and transparent adhesives. By various ¢
binations of these materials. new and desirable properties ca
attained. Thus a coating can be made harder or soiter. or a
bination can be chosen which will permit better penetration o
material into the body of weed or textile. or again a mixture
be chosen that will not go much beyond the surface of the ma
to bhe coated.

The data presented in this report are preliminary. Co
erably more work remains to be done. The results to date.
ever. show clearly the possibilities of the substances described
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Postwar Exterior House Paint
By S, WERTHAN®

‘Many pictures have been presented of postwar life in -\
ica, varving from a reversion to the conditions of the early th
to a dazzling existence replete with svnthetic food, clothes. he
television and a plastic -aeroplane to every family. The
manufacturers major interest, irrespective of the picture. is
his business will be affected. It is quite evident that wheth
not some “dream houses™ are built. there will be enough
construction of the prewar type and there will be sufficien




cohalt naphthenate.
; Peroxide was formed.
Alkalies had an inhibiting effect on polvmerization.
Acralein was formed during the reaction.  The substance
isolated and identified as such.

Any theory of polymerization advanced by us should also ex-
plain these phenomena. o ;

If we accept the theory of Crieges. Pilg and Flvgare (Ber.,
72,1799, 1939). and Farmer and \ununhngam (L. Chem. Soc..
12, 121-139) on the autooxidation of olefinic conipounds. there
13 a rather simple explanation for the additien of oxygen, the
positive peroxide test. and the formation of acrolein.  The fol-
lowing equations would represent the source of the reaction.

The first step shows formation of the hydroperoxide at the
alph'\-meth\lcxm carbon, which in this case should be especially
reactive, since it is both adjacent to an cther oxygen and in alpha
osition to a double bond.  The second step shows dccommunon
of the peroxide according to the scheme suggested by Farmer and

terior house paint shall T make 2 Since we Believe you ma

mterested i ; i norn ation that may aid vou in arriving at’ a

answer, we have selected for this evening a dmtmmq of a ge
eral investigation of postwar exterior house paint formulation o
laboratory has under w

The war restrictions on oil nece
!

ated an abrupt digressic
from the long-established linseed oil \Lhtlk‘ for exterior hous
paints. - As a result, consideration of oil modifications was fored
upon the paint manufaciurer. and in a relasi wely short period
tirwe the industry had 1o change to vehicles conta uning high pe
centages of heavy bodied of ind of thinners. Although it is 1o
early to draw Jdefinite concius on~ as 1o the effects of the chang
in vehicle on the paint's " thus far, at least, we know
no serious or disastrous I.Lll.l\\ with the restricted il type hous
paint. and our accelerated weathering and preliminary exterior te:
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